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Sunday, February 26, 2012 97athe phase diagram itself. Brewster angle microscopy allows one to image the
domains in a Langmuir monolayer with and without the probe molecules to
directly test their effect. The combined Brewster angle (BAM)/ fluorescence
microscope allows us to image simultaneously with the two techniques exactly
the same domains in the Langmuir film. In general, the images taken by the
two microscopes compare well. Comparison of the techniques can then make
it easier to correlate the different domain properties leading to contrast in the
two techniques. Some types of domains may however be much more evident
with BAM than with FM.
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When placed in water, lipid molecules form multilamellar vesicles (MLVs) in
which lipid layers are separated by water regions. These interlamellar water re-
gions have thicknesses on the order of 1 to 10 nanometers depending on lipid
type. What happens if water contains buffer molecules? Will buffer molecules
be taken inside the MLVs? If yes, then to what extent? These questions arise
because the physical properties of water regions next to lipid membranes
have been shown to differ from bulk water [1]. We would like to know how
buffer molecules and other solutes partition between MLVs and the outer solu-
tion. To determine this partitioning, we use lipid membranes that sink in pure
water but float in buffer solutions of certain concentrations. We then find the
exact concentration for which the mass density of the solution matches that
of the MLVs. This density matching allows us to calculate the ratio between
water and buffer molecules present inside MLVs by using data from small-
angle x-ray scattering. For KCl solutions, as well as for solutions of common
buffers, we find that solutes are excluded from the interlamellar water regions
creating a solute deficit inside the MLVs. [1] Petrache et al., Biophys. J. 86,
2004.
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We investigate diffusion and growth of liquid domains within membranes of
giant unilamellar vesicles (GUVs) composed of ternary lipid mixtures. Do-
mains appear after a temperature quench, when the membrane is cooled
through a miscibility phase transition such that coexisting liquid phases
form. In membranes quenched far from a miscibility critical point, circular
domains nucleate and then progress within seconds to ‘‘late stage’’ coarsen-
ing in which domains grow via two mechanisms: (1) collision and coales-
cence of liquid domains, and (2) Ostwald ripening. Both mechanisms are
expected to yield the same growth exponent, alpha = 1/3, where domain
radius grows as time raised to a power of alpha. In membranes close to
a miscibility critical point, the two liquid phases in the membrane are bi-
continuous. A quench near the critical composition results in rapid changes
in morphology of elongated domains; theory and simulation predict alpha =
1/2. Here we measure growth exponents for micron-scale domains in vesicles
with diameters between 80 microns and 250 microns. The vesicles undergo
a fast temperature quench and then are observed at roughly constant temper-
ature. We find an exponent of alpha = 0.2850.05 far from the critical point
and alpha = 0.5050.16 close to the critical point, in good agreement with
theory.
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Molecular dynamics (MD) simulations of tetramyristoyl cardiolipin (TMCL)
and tetraoleoyl cardiolipin (TOCL) were carried out with the newly devel-
oped CHARMM C36 lipid force field (FF), and with head group charges
q= 1 and 2. The surface areas per lipid, AL, for q=-2 are 127.1 5
0.4 A˚2 for TOCL and 113.25 0.2 A˚2 for TMCL. To validate the simulationresults, 70% TOCL þ 30% POPC bilayer was prepared both in simulation
and NMR experiment. The order parameters of POPC from simulations
were higher than those from experiment. Sodium-lipid van der Waals inter-
actions were slightly reduced through CHARMM NBFIX. This change of pa-
rameters led to 5% increase in surface area/lipid, and substantially improved
agreement with experiment for q ¼ -2 TOCL. The net charge of cardiolipin
at neutral pH has been the subject of debate. Microelectrophoresis and 31P-
NMR spectroscopy experiments were carried out, and indicate that the net
charge is 2.
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Diacylglycerol pyrophosphate (DGPP) is an enigmatic phospholipid that has
not been fully characterized. DGPP is a phosphorylated form of phosphatidic
acid (PA) found in yeast and plants and has unique chemical features,
namely it carries a pyrophosphate headgroup. PA is a signaling lipid impor-
tant for many cellular processes including membrane bending/destabilization,
stress response in plants, and protein docking to the membrane. PA-protein
interaction can be explained on the basis of the recently formulated electro-
static/hydrogen bond switch model. PA signaling in plants is attenuated by
its metabolism to DGPP which is thus found to increase in concentration fol-
lowing abiotic or biotic stress conditions (drought, salinity, cold, etc.). In or-
der to understand the function of this increase in DGPP upon an increase of
PA, we need to know the physicochemical properties of this enigmatic lipid
first. We therefore set out to determine the phase behavior and ionization
properties of DGPP in model membrane systems in the presence of divalent
cations and lysine rich peptides. In our previous analyses of DGPP, the phos-
phomonoester was shown to be able to act as an electrostatic/hydrogen bond
switch like PA. These results are now extended to more physiologically rel-
evant conditions and the presence of transmembrane peptides. This work was
supported by a Farris Family fellowship to EEK and by Kent State
University.
492-Pos Board B278
Evaluating a Method for Producing Asymmetric Giant Unilamellar
Vesicles
Matthew C. Blosser1, Benjamin G. Horst1, Manouk Abkarian2,
Gladys Massiera2, Sarah L. Keller1.
1University of Washington, Seattle, WA, USA, 2Universite Montpellier 2,
Montpellier, France.
Giant unilamellar vesicles (GUVs) are important model systems for investi-
gating physical properties of lipid bilayers. Recently, a method was devel-
oped called continuous droplet interface crossing encapsulation (cDICE)1,
which creates GUVs by passing a stream of droplets through an oil water in-
terface. Several methods, such as electroformation and gentle hydration, exist
to produce GUVs. In comparison, cDICE is better suited to incorporating
large fractions of charged lipids in membranes, to creating vesicles in
a high-salt environment, and to encapsulating large objects within vesicles.
All of these features are important for achieving larger goals of understanding
both the underlying physics and the biological role of lipid bilayers. Here, we
investigate an extension of the cDICE method for producing asymmetric
GUVs, which are GUVs with inner and outer leaflets of different composi-
tions. We tested asymmetry by fluorescence quenching experiments. Our
goal is to create a model system mimicking the asymmetry found in biolog-
ical membranes.
1. Abkarian, M, Louiseau, E, and Massiera, G. Soft Matter, 2011, 7, 4610-4614
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It has been suggested that the crescent shape and the presence of amphipathic
helices on N-BAR domain dimers explain endophilin’s involvement in endocy-
tosis by scaffolding and/or hydrophobic insertion mechanisms. However,
studies of these mechanisms in proteins with membrane curvature sensing/ gen-
eration properties thus far have mainly focused on thermodynamic equilibrium
conditions. Bridging the connection between thermodynamics to highly dy-
namic cellular environments calls for studies exploring binding kinetic aspects.
98a Sunday, February 26, 2012We therefore investigated the kinetics of endophilin N-BAR domain binding
onto single large unilamellar vesicles (LUVs), chosen to provide a large range
of membrane curvatures and accessibility to time-resolved analysis. By track-
ing the time dependence of labeled protein fluorescence intensity on each ves-
icle, we found that the association kinetics is curvature dependent: smaller
vesicles showed faster association kinetics. This finding likely implies that
small vesicles bear more binding (insertion) sites, which is in line with hydro-
phobic insertion mechanisms for curvature sensing. The observed slow disso-
ciation process and irreversible binding fraction after extensive rinsing
suggested protein oligomerization and/or conformational changes. Effects of
ionic strength and lipid compositions on membrane binding kinetics were
also examined.
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The frequency-dependent shear modulus and viscosity of suspensions of
charged liposomes were measured by use of an oscillating optical trap. De-
ionized suspensions of extruded 100 nm unilamellar liposomes composed
of PG:PC mixtures form electrostatically-stabilized gels. A 1.5 mm polysty-
rene probe particle is suspended in the gel, trapped by optical tweezers,
and the trap is oscillated over a frequency range u = 1-1000 Hz. The relative
displacement and phase of the probe in the trap yield the complex response
function G(u), whose real and imaginary parts G0(u) and G00(u) are the stor-
age and loss moduli, respectively, which are related to the shear modulus and
viscosity of the gel. The dependence of shear modulus on liposome charge
can thus be measured. For PG:PC 1:5 (mol:mol) liposomes at 12% volume
fraction, we find G0(u) ~ 1000 dyne/cm2 over the entire frequency range.
This result is consistent with earlier measurements on similar liposome sus-
pensions by an oscillating bobbin technique and is comparable to the shear
moduli of colloidal crystals composed of polystyrene spheres of similar
size at similar volume fractions. Given the polydispersity of the liposomes
(Dr/r ~ 0.3) compared to that of the polystyrene spheres (Dr/r ~ 0.02), the
liposome suspension is surprisingly rigid. We use the analysis of Joanny
(1979) with Poisson-Boltzmann potentials to relate the shear modulus of
the liposome gel to the average liposome charge. Such measurements offer
a new way to determine the charge of liposomes, biological vesicles, and
other nanoparticles.
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Nystatin (nys) is an antifungal agent that preferentially forms ion channels in
membranes containing ergosterol (erg) or cholesterol (chol). When vesicles
containing nys and erg fuse with a sterol-free bilayer, characteristic spike
changes in membrane conductance are observed, which result from nys/erg
channels transported to the bilayer by the fusion of vesicles with the bilayer.
We previously studied the decay of these conductance spikes when the mol
fraction of erg in the vesicles was chosen to produce specific superlattices
in vesicle membranes. Here we report the results of similar experiments in
which vesicles containing nys and chol were made to fuse with phospholipid
bilayers. We observe conductance spikes, which decay spontaneously after
long periods of sustaining constant currents. Fusion experiments with erg
rather than chol, but otherwise identical conditions continue to produce decay-
ing spikes.
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Langmuir monolayers present an ideal model system to investigate the phase
behavior of raft forming lipid compositions. Here, we present the results of
a systematic study of Langmuir monolayer phase behavior for ternary mixtures
containing polyunsaturated acids (PUFAs). PUFAs have been implicated in
modifying membrane organization. In this study, four different mixed acyl
phospholipid species with varying degrees of unsaturation in the acyl chain
(1, 2, 4, 6) were mixed with sphingomyelin and cholesterol. The investigatedcompositions include ratios of 1:2, 1:1, and 2:1 PUFA to sphingomyelin mix-
tures with cholesterol composition varying from 10 to 40%. Fluorescence mi-
croscopy images provide domain size analysis, area fraction and miscibility
transition pressures. We observe an increase in miscibility transition pressure
with increased unsaturation or decreased cholesterol composition. Finally, tra-
ditional Langmuir film balance techniques measured pressure-area isotherms as
well as area condensation.Calcium Fluxes, Sparks, and Waves I
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Ca2þ-Calmodulin dependent protein kinase II (CaMKII) is a nodal regulator
of Ca2þ-handling and electrophysiology in the ventricular myocyte, and
transgenic mice expressing CaMKIIdc (CaMKIIdc TG) exhibit cellular after-
depolarizations and triggered arrhythmias. Here we studied myocytes isolated
from these mice to determine: (1) how CaMKII-hyperactivity promotes elec-
trophysiologic instability early in progression to HF, and (2) how bAR stim-
ulation exacerbates this instability. METHODS: Myocytes were isolated,
prior to overt HF, from cardiac-specific CaMKIIdc TG mice (TG, n = 18),
and WT littermates (n = 16). Steady-state action potentials, Ca2þ-handling,
and electrophysiologic instability were assessed in whole-cell current clamp
(1 Hz pacing), with simultaneous Ca2þ epifluorescence, and with and without
bAR stimulation (100 nM Isoproterenol, Iso). RESULTS: EADs, but not
DADs, were observed with Iso, and transgenic cells (8/18 cells, 19% of cy-
cles) were more susceptible to EADs than WT (1/16 cells, 2% cycles; p <
0.05). Prior to EAD appearance, TG cells that later exhibited EADs (TG-
EAD) also exhibited greater Iso-induced AP prolongation than cells that re-
mained stable (52.35 15.6 ms vs. 21.55 3.9 ms; p < 0.05). TG-EAD cells
also exhibited blunted baseline Ca2þ transient amplitude (CaT; 42 5 9 nM
vs. 123 5 12 nM; p < 0.05), but a larger relative change in CaT with Iso
(4.4 5 0.47 fold vs. 2.8 5 0.46 fold; p < 0.05). EADs could be abolished
by caffeine, indicating a requirement for SR calcium release. CONCLU-
SIONS: Prior to overt HF, superimposing bAR stimulation upon CaMKIIdc
overexpression elicits EADs without DADs. This EAD etiology requires
SR calcium release, and given the larger relative effect of Iso on CaT in
TG-EAD cells, it is likely that bAR stimulation combines withCaMKII over-
expression to exceed the range of calcium-handling permissive of stable
electrophysiology.
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During b-adrenergic stimulation of cardiac myocytes, phosphorylation of the
sarcoplasmic reticulum (SR) Ca2þ release channels (ryanodine receptors,
RyRs) by PKA and CaMKII has been linked to the observed diastolic Ca2þ
leak (as Ca2þ sparks) from the SR. Using confocal Ca2þ imaging, we previ-
ously showed that b-adrenergic stimulation with 1 mM isoproterenol (ISO) in-
creases the spark frequency in quiescent voltage-clamped guinea-pig
cardiomyocytes, without altering the SR Ca2þ content. Protein kinase inhibitors
(KN-93 and H89) indicated an involvement of CaMKII in the change of spark
frequency, but not PKA. Additional experiments showed that the change in sen-
sitivity of the RyRs upon b-adrenergic stimulation may involve reactive nitro-
gen intermediates (RNI), as incubation with the NOSs inhibitor L-NAME (500
mM) and specific nNOS inhibitor AAAN (100 mM) prevented the increase in
spark frequency without changes in SR Ca2þ content. This observation was
confirmed by using the NO scavenger PTIO (130 mM). Furthermore, recent ev-
idence suggests that redox activation of CaMKII or redox modifications of
RyRs may contribute to the SR Ca2þ leakage. Therefore, we examined the ef-
fect of reactive oxygen species (ROS) on the spark frequency upon ISO appli-
cation. Incubation with the SOD mimetic (and peroxynitrite decomposition
catalyst) Mn-TBAP (100 mM) did not prevent the increase in spark frequency
in cells with constant SR Ca2þ content. Similarly, acute application of the ROS
scavenger TIRON (200 mM) could not suppress the progressive increase in
spark frequency upon ISO application. Our observations suggest that CaMKII
and RNI, but not ROS, are involved in the upregulation of spark frequency dur-
ing b-adrenergic stimulation.
